bFGF- and CaPP-Loaded Fibrin Clots Enhance the Bioactivity of the Tendon-Bone Interface to Augment Healing.
Tendon-to-bone healing is a complex and slow process, and the rate of poor healing remains high. In recent years, several new strategies have been developed that enhance tendon-to-bone healing by increasing the bioactivity. Fibrin clots have been widely used to improve tissue healing and tissue engineering, Modified fibrin clots can improve the bioactivity of the tendon-bone interface and histological appearance. Controlled laboratory study. A total of 27 male New Zealand White rabbits were used. Of these, 3 were used for cell isolation, and the remaining 24 rabbits were divided into 2 groups (12 per group) for an in vivo partial patellectomy study. The setting time, degradation time, and basic fibroblast growth factor (bFGF) and ceramide-activated protein phosphatase (CaPP) release kinetics of bFGF- and CaPP-loaded fibrin clots were modified appropriately for early tendon-to-bone healing. In an in vitro experiment, the bFGF- and CaPP-loaded fibrin clots were assessed for cell migration and proliferation by microscopy, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay, and DAPI (4',6-diamidino-2-phenylindole) assay. Quantitative real-time reverse transcription polymerase chain reaction and a Western blot assay were performed to test for an induction effect of the bFGF- and CaPP-loaded fibrin clots. Finally, for the in vivo experiment, the rabbits were divided into 2 treatment groups: one with bFGF- and CaPP-loaded fibrin clots and one without bFGF- and CaPP-loaded fibrin clots after partial patellectomy in patella-patellar tendon sutured sites. A histological evaluation was performed at 2, 4, and 6 weeks after surgery. The sitting time and degradation time of the bFGF- and CaPP-loaded fibrin clots were set at 15 seconds and more than 2 weeks, respectively, and the porosity was minimized to achieve the highest levels of cell migration and growth. In the bFGF-CaPP group of the in vitro experiment, cell proliferation increased to a greater extent relative to the control group (P < .05); the mRNA expression of osteopontin, alkaline phosphatase, runt-related transcription factor 2, vascular endothelial growth factor, and collagen type I was upregulated (P < .05); and the relative protein expression of these factors was enhanced (P < .05). In vivo, hematoxylin and eosin staining showed that the tendon-to-bone connections were more mature and more arranged when treated with bFGF- and CaPP-loaded fibrin clots than when untreated, and the histological scores were higher. bFGF- and CaPP-loaded fibrin clots enhanced cell migration and proliferation and the expression of related genes and proteins, which increased the bioactivity of the tendon-bone interface and resulted in the histological improvement of tendon-to-bone healing. As fibrin clots have already been used in clinical practice, bFGF- and CaPP-loaded fibrin clots can be further used to augment healing in the early stages of tendon-to-bone healing.